Abstract. Differential cross section measurements from laser-aligned Mg atoms are compared to theoretical calculations using both time dependent and time-independent formalisms. It is found that both natural and unnatural parity contributions to the calculated cross sections are required to emulate the data when the state is aligned out of the scattering plane.
Introduction.
Electron impact ionization processes play an important role in many areas of research, ranging from calculations of stellar and planetary atmospheres through to collision processes in plasmas and in lasers, lighting and Tokomaks. Measurements of the angular correlation between the scattered (initially incident) electron and the electron ejected following ionization then provides the most precise detail of the collision that occurs.
For atomic targets that are in their ground state, a Triple Differential Cross Section (TDCS) is then determined, which depends upon the energetics of the collision and the angular distribution of the detected electrons. By contrast, for atoms that are pre-aligned (e.g. using a continuous wave (CW) laser EHDP SULRU WR WKH FROOLVLRQ D IXUWKHU DQJOH PXVW EH LQWURGXFHG WKDW GHÀQHV WKH LQLWLDO WDUJHW DOLJQPHQW ,Q WKLV FDVH D TXDGUXSOH FURVV VHFWLRQ LV GHÀQHG 4'&6 ZKLFK GHSHQGV XSRQ WKH PRPHQWXP RI WKH incident electron k 0 , the scattered and ejected electron momenta k 1 ,k 2 and the alignment angle of the target k T .
Theoretical models of the collision solve Schrödinger's equation for the interaction using either timedependent or time-independent approaches. The time dependent model used here is from the Los Ala-PRV JURXS RI -DPHV &ROJDQ DQG XVHV D FORVHFRXSOLQJ PHWKRG WR GHÀQH WKH LQWHUDFWLRQ 7KLV LV UHIHUUHG to as the TDCC model [1] . The time-independent models of Don Madison's group that are adopted here describe the collision using distorted waves, and include the effects of post-collisional interactions in different ways. These are referred to as the DWBA and 3DW models [2] . Full details of the different calculations can be found in the references from each of these groups. were varied. The incident electron had energy 47.65eV and both outgoing electrons were detected with an energy of 20eV. 
QDCS measurements for magnesium (target aligned out of the scattering plane).
A second set of measurements was carried out with the laser beam input in a direction opposing the incident electron beam [6] . In this case the target could be aligned from in the plane to perpendicular to WKH SODQH DV VKRZQ LQ ÀJXUH 
Natural and unnatural parity terms in the models. 7KH UHVXOWV LQ ÀJXUH VKRZ D FOHDU GLIIHUHQFH EHWZHHQ WKH PRGHOV ZLWK WKH IXOO 7'&& FDOFXODWLRQ 7'&& DOO SUHGLFWLQJ D ÀQLWH 4'&6 IRU DOLJQPHQW SHUSHQGLFXODU WR WKH SODQH LQ FRQWUDVW WR WKH GLV-WRUWHG ZDYH PRGHOV WKDW SUHGLFW WKH 4'&6 WR EH LGHQWLFDOO\ ]HUR IRU DOO DQJOHV 7KLV LV IRXQG WR DULVH
from contributions of so-called unnatural parity terms that are included in the TDCC model, but which are absent in the DWBA and 3DW calculations [7] .
7R XQGHUVWDQG KRZ WKHVH WHUPV DULVH LQ WKH 7'&& FDOFXODWLRQ WKH 4'&6 FDQ EH ZULWWHQ DV DQ H[SDQ-VLRQ RYHU SDUWLDO ZDYHV VR WKDW WKH 4'&6 LV JLYHQ E\
where is the hyper-spherical angle between k 1 and k 2 , w T ,l T ( ) are the occupation number and angular momentum of the target subshell, and S is the total spin of the electrons. The term contains all angular dependent terms anG SKDVH VKLIWV DQG FDQ EH ZULWWHQ DV
where a ±1 L are the amplitudes of the laser-excited target, 
By substituting equation (3) into equation (2) and by adopting the symmetries that are inherent in the ELSRODU KDUPRQLFV LW FDQ EH VKRZQ WKDW HTXDWLRQ UHGXFHV WR 
Future work and conclusions 7KH PRGHO FDOFXODWLRQV VKRZQ LQ ÀJXUH GHPRQVWUDWH WKDW WKH WLPHLQGHSHQGHQW GLVWRUWHG ZDYH PRG-HOV RI WKH LQWHUDFWLRQ DUH PLVVLQJ WHUPV WKDW SURGXFH WKH ÀQLWH FURVVVHFWLRQ IRXQG LQ WKH H[SHULPHQWV
The TDCC calculation shows that these missing terms are those of unnatural parity. It is important to understand how these terms can be included in time-dependent models, since their use is widespread in modeling plasmas. Figure 5(a) shows that all models accurately predict the cross-section for the spherically symmetric ground state, and that it is only for the aligned excited targets that substantial differences are found between models. The experiments show that the cross-sections from unnatural parity contributions are VXEVWDQWLDO a RI WKRVH IURP WKH QDWXUDO SDULW\ VWDWHV DQG VR LW LV LPSRUWDQW WKDW WKHVH WHUPV DUH included in any models of the ionization of excited targets. Since many plasmas contain large numbers of excited atoms, it is hence likely that current plasma kinetic models are badly underestimating their importance. Further work is hence being undertaken to clarify how both natural and unnatural parity terms contribute to the ionization cross sections. Since the -term in equation (2) is a coherent summation over different partial waves, it becomes possible to manipulate their different contributions to this sum by choosing different experimental geometries. To facilitate this, the (e,2e) spectrometer in Manchester is EHLQJ PRGLÀHG WR DOORZ WKH ODVHU EHDP WR EH LQMHFWHG LQWR WKH LQWHUDFWLRQ UHJLRQ IURP D UDQJH RI GLUHFtions with respect to the scattering plane. In this spectrometer it is also possible to move the incident electron beam so that it is lifted out of the detection plane in the experiments. This then changes the relative angles of the scattered and ejected electrons with respect to the collision-frame quantization axis. In WKLV ZD\ WKH VHQVLWLYLW\ RI WKH 4'&6 WR WKH FRKHUHQW VXSHUSRVLWLRQ RI GLIIHUHQW SDUWLDO ZDYH FRQWULEXWLRQV can be manipulated and explored. Both types of experiments will be carried out in collaboration with theoretical input, to determine the sensitivity of the cross-sections to these different conditions.
